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2Motivations
 Uncertain Underactuated Mechanical Systems 
(UUMSs)
 Model imprecision of uncertain systems 
• Structured (parametric) uncertainties
• Unstructured uncertainties (unmodelled dynamics, e.g. friction, 
flexibility, hysteresis, backlash, etc.)
 Learning, prediction & adaptation algorithms
• Physical systems/processes are inherently nonlinear
 Friction & hysteresis nonlinearities
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An accurate prediction of hysteresis 
nonlinearity for the vibro-driven capsule 
system using chaos theory
Schematic of the pendulum-driven capsule system
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An accurate prediction of hysteresis 
nonlinearity for the vibro-driven capsule 
system using chaos theory
Schematic of the microscopic elastic limit for sticking, presliding and slipping phases
Phenomenological Analysis
9Schematic of the reversible (black solid line) and non-reversible (blue dashed line) characteristics of 
the friction forces as a function of the relative velocity between two contacting bodies. The directions 
of the loops are marked by red and green arrows.
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Comparison of the friction-driven response in time coordinate with the LuGre model (red 
solid lines) and the Exponential model (blue dashed lines), respectively.
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Comparison of the friction-driven response in time coordinate with the LuGre model (red 
solid lines) and the Exponential model (blue dashed lines), respectively.
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Comparison of the phase portraits of the collocated subsystem for the Exponential model 
(blue dashed lines) and the LuGre model (red solid lines)
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The Lugre model
The Exponential model
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The Lugre model
The Exponential model
Quasi-periodic motion
Sticking phase Presliding
Slipping phase
Comparison of the phase portraits of the non-collocated subsystem for the 
Exponential model (blue dashed lines) and the LuGre model (red solid lines)
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The Exponential model
The Lugre model
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The Exponential model
The Lugre model
M1
Offset point
Comparison of the friction curves for the Exponential model (blue dashed lines) and 
the LuGre model (red solid lines) in (a) and the zoom up in (b) showing the friction 
characteristics near zero average velocity.
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SRWNNs-based robust adaptive control for 
a class of UUMSs
Self-Recurrent 
Wavelet NNs
Attractor dynamics
Internal feedback
neurons & real-
time learning
Wavelet
decomposition,
high accuracy, fast
learning, complex
systems with sharp
changes, good
convergence, yet
static problems
Paralleled and distributed
structure, Approximation/
prediction property
No Free Lunch revisited…
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Decomposing 
UUMSs into 
actuated and 
passive 
subsystems 
Hysteresis 
compensation, 
approximation of 
parametric uncertainties 
using SRWNNs
Lyapunov-synthesis-
based robust control 
design with weights 
adaptation
Conclusions and Future Works
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